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The distortion and displacement of a finite-aperture acoustic 
wave incident from a fluid onto a fluid-solid interface at or near 
the Rayleigh critical angle is f_Bhenomenon which has received 
considerable attention recently • Physically, resonant generation 
of Rayleigh-like waves and rapid reradiation of the surface-wave 
energy into the fluid are responsible for the characteristic dis-
placement and distortion of the acoustic beam. These effects 
typically lead to a bimodal reflected acoustic field, composed of a 
remnant specular reflection summed coherently with the radiating 
surface wave. When conditions of beam width and wavelength are 
favorable, a portion of the field distribution shows a strong 
reduction in amplitude, due to the phase cancellation of component 
fields. The sensitivity of this null zone to surface condition 
(including the presence of coatings) suggests that a NDE technique 
may be based on this effect. The situation is illustrated schema-
tically in Fig. 1. An acoustic beam incident at the Rayleigh angle 
suffers displacement and distortion with most of the power contained 
in the shaded regions. The suppressed specular reflection is 
indicated by the dashed lines. 
The first complete theoretical treatment6 of this phenomenon 
considered the case of an acoustic beam incident from a fluid onto 
an isotropic halfspace. In that work it was shown that all the 
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Fig. 1. Leaky-wave schematic. Null zone is N, and LW is leaky wave. 
important features of the reflected acoustic field could be satis-
factorily explained by approximating the reflection coefficient, 
selecting a suitably convenient incident beam profile, and analyti-
cally performi~g the Fourier integral over wavevegtor. We have 
shown recently that Bertoni and Tamir's analysis may be extended 
to the case where a layer of differing density and elastic constants 
is in welded contact with the solid. The extension proceeds by 
deriving boundary condition equations for plane wave amplitudes in 
a three-media model. Then the vanishing of the denominator of the 
reflection coefficient leads to a condition on the complex propaga-
tion constant of the leaky Rayleigh wave. The presence of the 
layer causes the surface wave speed to vary withgkd, the product of 
the acoustic wavevector and the layer thickness. Also a function 
of kd is the beam displacement parameter, which controls the rate 
at which energy leaks out of the surface wave. We present a review 
of the theory and experimental results for both loading and stiffen-
ing layers and their effect on acoustic beams incident at the 
Rayleigh angle. 
SUMMARY OF THEORY 
We begin by writing the acoustic waves in the three media, 
solid, layer, and fluid, in the form of wave potentials 
~s = ~sl exp (i~~s z + in) 
(1) 
~ = ~ 1 exp (i~t z + in) 
s s s 
where ~ and ~ are the wave potential amplitudes of longitudinal and 
transverse waves, respectively. Subscripts 1 and 2 refer to 
incident and reflected. Additional wave potentials exist for the 
other media as well. The wavevector components are given by 
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2 2 k (k _ ~ ) 2 
as (2) 
with a = l,t for longitudinal and transverse and S = s,o,f for 
substrate layer, and fluid. The circular frequency is w, and c S 
is the appropriate bulk wavespeed and n = ~x - wt. The x-compo%ent 
of the wavevector is invariant among the media and given by 
~ = k f sine, where e is the incident beam angle. By combining 
additlonal wave potentials with the usual boundary conditions on 
the displacements and stresses at the two interfaces, a seventh 
degree system of equations for the wave potential amplitudes results. 
Solving for the reflected wave in the fluid ¢f2 yields the reflec-
tion coefficient. 
The propagation constant for leaky Rayleigh waves is found by 
searching for the complex value of ~ where the reflection coefficient 
is singular. This procedure corresponds to solving the characteristic 
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Fig. 2. Rayleigh wavespeed vs. Q for copper on stainless steel. 
Plotting symbols correspond to different layer thicknesses. 
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equation for a propagating surface wave. In this case, however, 
since the appropriate wavevector component ~ appears as an argument 
of sines and cosines, the equation is transcendental. It is solved 
numerically by Muller's method, seeding the routine with an approxi-
mate solution to a simpler case to insure rapid convergence to the 
desired root. Once found, the Rayleigh wavespeed and beam displace-
ment parameter are given by 
(3) 
b. = 2/Im (~ ), 
s p 
where the subscript p refers to the pole. These va~ues form the 
input to the theoretical model of Bertoni and Tamir , extending it 
to include the case of the layered substrate. 
RESULTS AND DISCUSSION 
Experimental details of the apparatus and samp1es7u§ed to 
collect data in this study are given in previous work.' Elastic 
constants used to generate the theoretical curves presented below 
are summarized in Ref. 10. The real part of the Rayleigh-wave pole 
corresponds to the phase velocity of the leaky wave. For a loading' 
layer of copper on stainless steel the dispersion of c is given in 
Fig. 2. Three different samples are employed to co11e~t data over 
a range of Q from zero to three, where Q = wd/c t • At Q=O the 
surface wave speed of the substrate alone is rec~vered, while the 
curve approaches the value for copper alone at large Q. Higher 
orderl~odes are also dispersive, but we have not studied them 
here. In contgast, a stiffening layer admits only a single 
propagating mode , and for the case of chromium on stainless steel, 
Fig. 3 shows the wavespeed vs. Q. As in Fig. 2, the data points 
are plotted discretely, and the theory is given by the solid curve. 
At a wavespeed of about 3.1 km/sec an abrupt cutoff of the mode 
occurs, beyond which there are locally no Rayleigh wave solutions 
to the characteristic equation. However, propagation must be 
restored at some large value of Q, since this corresponds, in the 
limit, to an un1ayered half space of chromium. Experimentally, 
leaky-wave behavior in the reflection of finite beams persists 
beyond the cutoff condition, but this observation is probably due 
to the finite angular spread of the measuring beam. 
Of equal interest is the dependence of the beam displacement 
parameter derived from the imaginary part of the Rayleigh-wave 
pole. This quantity reflects the rate of energy leakage into the 
fluid. The solid curve in Fig. 4 displays b. , as developed in Eq. 
(3), divided by the wavelength in the f1uid. s The result has no 
explicit frequency dependence, with the variation coming entirely 
from the presence of the copper layer on stainless steel. At Q=O 
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and Q»l, the values of 6 /A correspond to those for the substrate 
and layer alone, respecti~ely. An unusual feature of this curve is 
the minimum reached near Q=2.2. An interesting and possibly 
significant coincidence is that the corresponding value of c (ie, 
near Q=2.2) is equal to the transverse wavespeed of the substrate. 
By deducing t from the decay of the leaky-wave field, we have been 
able for the first time to compare this theore9ical quantity with 
measurements. Agreement with the exact theory is reasonably good, 
although additional results at higher Q values are needed to verify 
the nonmonotomic behavior. 
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